Compared with conventional reservoirs, complex reservoirs often have more variety of pore types and more complex pore shape. For example, carbonate rocks can have a variety of pore types, such as moldic, vuggy, interparticle, intraparticle and crack. Therefore the essential of rock physics modelling of complex reservoirs is to characterize the complicated pore structure, that is to say, the rock physics model can contain a variety of pore types. This paper selected the critical porosity model as the study object, by combining with Kuster-Toksöz equations, established the relationship between the critical porosity of rocks and the pore structure (i.e. the pore aspect ratio) of rocks, proposed a new model named multiple-porosity variable critical porosity model which can contain various pore types and can be used to model complex reservoirs.
Introduction
The elastic properties of the rock depend on the pore structure significantly. Most of rocks usually have two or even more than two different pore types, such as pore, crack, cavity, etc., whose complex pore system makes the relationship between the velocity and porosity of the rock highly scattered (Sayers, 2008) . Therefore, it needs to establish a multiple-porosity rock physical model for characterizing the elastic modulus of porous rock varying with porosity accurately.
Effective medium theory is often used to study the elastic properties of porous rock, such as KusterToksöz theory. Kuster and Toksöz (1974) derived expressions for bulk and shear moduli of multipleporosity rock by using wave scattering theory, in which the effects of elasticity, volume content and pore shape of inclusions are taken into account. Also there are several empirical models to calculate the dry-frame bulk and shear moduli. Nur (1992) proposed the concept of the critical porosity, by which established a linear relationship between the bulk and shear moduli of the rock matrix and the dry frame, and the critical porosity value dependent on the rock type.
The purpose of this paper is to obtain formulae for the bulk and shear moduli of multiple-porosity dry rocks with different critical porosity values based on critical porosity model and Kuster-Toksöz equations. This paper established the relationship between the critical porosity of rocks and the pore structure (i.e. the pore aspect ratio) of rocks, proposed a new model named multiple-porosity variable critical porosity model which can contain various pore types and can be used to model complex reservoirs. 
where cK  is the critical porosity value for bulk modulus, m K and m  are the bulk and shear moduli for the rock matrix respectively, i P m is the polarization factor for bulk modulus (Eshelby 1957; Wu 1966) , and the subscript i denotes the inclusion phase and m denotes the matrix phase.
Also the expression for the critical porosity for shear modulus cμ  and the pore aspect ratio  is given by ) ( 
Results
We use 77 carbonate data of Anselmetti and Eberli (1993) to analyze the predictions of the multipleporosity variable critical porosity model. The data can be grouped into six categories of predominant pore types, low-porosity, intraparticle, moldic porosity (less than 30 micrometer), moldic porosity (greater than 30 micrometer), microporosity and interparticle (Anselmetti and Eberli, 1993) . The bulk and shear moduli of calcite used in the analysis were taken to 77GPa and 32GPa, respectively. We use the dual-porosity variable critical porosity model to calculate the elastic properties of carbonate data, in which the critical porosity values of stiff pores and soft pores are 0.6 and 0.05, respectively. It has to provide the volume contents of two different kinds of pores to predict the elastic moduli vary with porosity using equations (3) and (4). Figure 1 shows the variation of the P-wave velocities of 77 carbonates with porosity in different pore volume contents. The measured results indicate that both the bulk and shear moduli of carbonate decrease as porosity increases or the volume content of soft increases. Anselmetti and Eberli (1993) and theoretical estimations of the dual-porosity variable critical porosity model.
Figure 1. Result analysis of the carbonate data of

Conclusions
By combining with Kuster-Toksöz equations and critical porosity model, this paper established the relationship between the critical porosity of rocks and the pore structure of rocks, and obtained the 
